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Clear Lake WQ 
Monitoring Activities 

• Five Programs & Lead Agencies

• Ambient Lake WQ  - CDWR & County

• TMDL / impaired Water Body Chl-A –

CRWQCB & County

• Quagga Mussel Monitoring – Veliger 

Tows & Select WQ – CDFW & County

• Nutrient Sediment Core Sampling –

County & UC Davis 
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• Ambient Lake WQ  - CDWR & County

• TMDL / impaired Water Body Chl-A –
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Parameter 
List DWR 
Clear Lake 
WQ 
Ambient 
Sampling 
10x year 



Ambient 
Lake WQ
~2020  

Program Costs 
between 

~$100,000 
-Top, Bottom
-4 sites 
-10x year 

CDWR scheme  
~ $600,000 
-4 sites
-all depths
-10x year



WRD Trial Clear Lake Sampling 
Scheme – Dec 2020

- Costs annual ~$100,000 
- Funding Sources Vary 
- Internal County Cannabis Tax Grant 

(Clear Lake Water Quality ~ $15,000) 
- US EPA NEIEN Networking Grant (HPUL) 
- General WRD Budget (Lakebed 

Management Fees)
- AmeriCorps Civic Spark Fellowship 

Program (Labor and analysis help) 



Depth Chl-a
TP / 
TN 

Ortho-
P

TSS Turbidity 
Metals 
+Fe, Al, 

Ca 

Hardness,
Alkalinity 

Water 
Color 

0.15 m x x x x x Y Y x

3m x

Middle 

<1m Bottom x x x x x Y Y X

Sediment x

CL-01

CL-04

CL-03

Monthly = X 
Quarterly = Y
Monthly Profiles = DO, temp, 
conductivity, TDS, pH, Secchi

CL-05

Ambient 
Lake WQ
~2021 



What do we notice about 
this sampling scheme?

- No Dissolved nutrients 
- Just SRP / Ortho phosphate

- Not all depths 
- Trying for sampling every month 

- Data gaps from fire events
- Data gaps drought /low water levels 

- Does all the data mean something?
- Is there meaningful data we are not 

collecting?
- TOC? DOC? Ammonia / NH4? 
- Biota: Phyto / Zoops? 



Why do we need this data?

Not a deep data dive, just example of the type of info we have  
available now to help us make management decisions! 



Ambient Lake WQ  ~$600,000
Ex. Long Term Annual TP – Monthly medians (MESSY!) 



Long-term surface TP (July-Oct) 
Increasing over time? Yes!  
Thiel-Sen slope annual rate of increase (3-5µg/L)

Upper: 0.005 mg/L (Kendall’s p = 0.03)

Lower: 0.003 mg/L (Kendall’s p = 0.05)

Oaks: 0.004 mg/L (Kendall’s p = 0.05)



Long term data needed for accurate  
management decisions 
Example: Drought influence apparent with long term dataset 

TP not associated with Wildfire, Precip, but winter max air 
temp, negative with precip = DROUGHT conditions 



DO by 
month
gray = hypoxia (< 2 mg/L)
black = anoxia (< 1 mg/L)
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DO by 
month –
1998-2019
gray = hypoxia (< 2 mg/L)
black = anoxia (< 1 mg/L)
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DO over 
time–
Surface and 
Bottom 
gray = hypoxia (< 2 mg/L)
black = anoxia (< 1 mg/L)
- Monthly 
-Median 
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Example: # Days Oaks Arm Anoxic – DO < 1 mg/L

• June:     6

• July:    11

• Aug:    12

• Sep:     5

• Oct:   2

• 1964-1991 – 25 anoxic days, total samples = 633, 
4%; deep samples = 309, 8%

• 1998-2019 – 11 anoxic days, total samples = 320, 
3.4%; deep samples = 157, 7%



Look at relationships 
July-Oct TP vs hypoxic DO – spearmans correlation  



Look at relationships 
July-Oct SRP vs hypoxic DO – spearmans correlation  



Specific info for periods of interest 
Nutrient & HABs Blooms Season: June - October 



Useful for Wildfire Impact 
Research 

Mendocino 
Fire Ignition



Q/Z Veliger & WQ
Monitoring Tows

Required now 2-4x Clear Lake, Blue 
Lakes, Pillsbury, Indian Valley 

- $11,000 Staffing estimates
-Needed to get grant $$



• High Ca+ in Clear Lake 

• High QZ Grant Priority 



N & TP in sediments nutrient bank 
– explain lake WQ  / sediment flux 

MEAN y = -0.0531x + 3385
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Sediment Cores - $60,000 / year 
2020-2021 – Help from UCDavis
/ BRC 2020/21 (Thank you!)  



To Recap County 2021 Annual Costs: 

• ~$100,000 + WQ Ambient Monitoring Trial Scheme

• $50,000 / year sediment sampling 
• Supported until June 2021 UC Davis / BRC funds

• Working with UC Davis on sediment Flux paper 

• ~$60,000 year mussel monitoring / WQ monitoring 
• Lakes outside of Clear Lake 

• But important to Lake County Ecology & Economy

• ~$125,000 Expanding Stream and Urban Storm water 
Monitoring Networks  
• (11 urban discharge sites, 30 stream sites) 

No general fund, no fee / tax increases!
Not really sustainable past current grant years! 



Next Steps: Data Monitoring Prioritization  

• Data Analysis!

• AmeriCorps Civic Spark (Liam) 

• Combing through DWR dataset 

• Like Statistical Modelling 
• What to keep? 

• What to throw out? 

• Variable Importance / model performance

• Caret Packaging / Machine Learning

• Liam Presenting this research at 
2021 Data Water Symposium 
• Tue, Jun 29, 2021 - Wed, Jun 30, 2021



Update on WQ complete
Qs?: Angela.DePalma-

Dow@lakecountyca.gov

THANK YOU to co-
authors & collaborators 
Ian McCullough & 
Jennie Brentrup 

mailto:Angela.DePalma-Dow@lakecountyca.gov


Outreach Updates 
Clear Lake Cyano Task Force Nutrient 
Brochure 



NPDES – Clear Lake Aquatic Plant 
Management Program 
Include
• Manual 
• Chemical Herbicide 

treatments 
• Herbicide monitoring is 

VERY expensive 
• ~$17,000 / year min
• Cost of permits do not 

cover this cost 


